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The rese rch reported herein wes underteken as a 
culmination of training received in the redtolorical 
defense training prorcram conducted jointly by the 
United States ‘troy end United Stetes Nevy. The topic 
fevestigated wes selected primarily becruse it 
offered opportunities for practice] application of 
the principals end techniques studied in the flelds 
of physics end the biologics! sciences; in addition, 
it wes hoped thet positive infornmntion would be 
obtained which could be useful in incressine the 
reelm of knowledge of metabolic precensen, pertiq= 
gulerly es affected by Lfonising radistion. 

Undue optinien wes exercised in planning the 
scope and objectives of this preject. ‘t the oman, 
this research project was esteblished with the 
primery objective of determininz the effects of 
radirction on the uptake of phoagphorus in the nucleic 
ecids of rabbit leucocytes in yitro. Since no 
report, of previous phosphorus metabolism studies on 
this type of cell conld be found in the liseravere, 
it was deemed essential thet investircetions should 
initielly be undertaken to determine the normal in 
witro phosphorus metabolism of these cells; that 
ts, without introducing redivtion effects. Itudies 
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a 
of this nature have been made, and are reported herein; 
the project in its entirety proved to be too broad in 
scope to be completed in the pyailehle time, and no 
studies of radiation effects have yet been ande, It 
is sincerely hoped thet the experiments end resulte 
horein reperted shall offer sufficient stimulation to 
encourarme some one else to continue thia research 
beyond the present stste of develonment. 

The cost of this reasearch was partisliy borne 
by the United “tetea ‘my, throuch the slloostion of 
funds for the purehese of lsberstory materials snd 
animals. 





Section I. NIGTORIAL DAY LOPON? 
OF THE VROMLES. 


The patholocicel effecta of ionising redintions on 
biolewict] systems are frirly vell knew, md renersl 
agresment as to elint these crees effects are preveila 
among the specialiats concerned with this probler, 
“hen the wechoniane ~hich lesd to these effects ere 
congidered, however, the sitmrtion is cuite different. 
The literature on the aubsfect is overflowing with 
theories nd reports ef eaxperinmentstion stteeptinr to 
prove the pet theory of vhichever inverticrtor is 
doing the research. ‘ome fe theories which postulate 
mechentens of action have boen deronstreted to be 
correct ino Limited sense, ‘the tercet theory, which 
is thoreuchly discussed by Loe (1), oem be oractically 
applies to the enmsiderstion of dewerve to sicro~ 
orgeatens, end is probebly applictble to seme of the 
problems of the cenetic effects of rediction. The in- 
direct effect chem, postuleting the creetion of 
activoted redicels in ecnesus media, has been decon-« 
streted to be -« plausible explenstion for oeny chemicel 
renctions. The ectivetion of weter is well revieved by 
Burton (2). Neither of these theories yee nor 
any other published ur to this tine, esn necount for 
the full sequence of cross bioloricel chenres which 
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are initicted by fonisine redi-tion.  hether these 
effects sre breught «bout by the chein setion of 9 sinels 
series of releted events, or of sevorel reletively 
independant series, or of weny unrsleted rhysico-chemical 
phenemena, con not be clerrly pestulated. The sttendont 
demorance is not fundamental, but is legicelly accounted 
for by the rener2l ieck of understandine of the minute 
details of the basic life processes. vhua, the faults 
of an electronic computer which fails to give the right 
anawers con not be properly dissnesed without a 
thorough understanding of the component parts of the 
machine, and their interrelstionships. "o continue 
the enalogsy further, such s diagnosis would normally 
begin with en isoletion ond study of the besic vorking 
wnite of such a machine, followed by the interretion 
of these unite into the preperly functioning e«rrance- 
ment which constitutes the whole working mechanian. 

In biological nen, the besic functioning unit 
is considered to be the cell, gince all she charscter~ 
istics of life can not be demonstreted in eny subordin- 
ate orgenisation of matter. ‘s © eonseenenen , an 
understeruiing of celluler orgeanisrtion and function is 
deemet essential to a corplete understanding of the 
biological phenomena resulting from any -iven set of 
clrowumstances. 

The nucleic acids, beine impertent constituents 
of living cells, heve been the object of considerrble 
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resenrch. 4 number of methods of isolation and 
analysia of both types of nucleic acids, ribose and 
desoxyribose, heave spremred in the litercture., Loos 
extensive research has been underteken to study the 
effects of radiation of these organi¢«c acids snd their 
nrotoplagmi: compounds. 

Mirsky and Follister (3) iseloted pure desoxy- 
ribose nucleic ecid (904) fron trout srere. They 
found the nucleoprotein complex, mucleoprotamine, 
to be selectively soluble in 1 acl solution, being 
insoluble in water or in saline solutions of different 
eoncentretions, The pure OFA was then ebfeined by 
dialysation of the 1" Hail solution of the protamine 
against * 1) Ned solution. In © veristion of this 
nethod, (a), they salvo isoleted the desoxyribose 
mucleoprotein complex from a number of macesiian 
tissues, Yolkin, Ehyx, and tohn (5) used this 
methed to prepare pure DN’ from calf thymus. ‘This 
preoeedure appecrs to be quite good ss 2 method of 
Leolsting pure Dia, but is limited in its applica-~ 
tion because of the lenrth of time required to com 
plete the iselation, being & matter of some weeks. 

®uch shorter methods of isolation end anslysis 
are typified by the work of Schmidt ond Thannheuser 
(6) and of Sehneider (7). The method propesed by 
Schmidt and Thannhauser has been used in studies of 
the effect of radistion on nucleic acid metsbolisn 
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by Holmes (£,9) ond Hoveey (10). The nucleic acid 


fractions cannot be cunntitetively obteined by this 
method in reasonably pure forms. ‘chneider's work 
offers a method of a reletively rapid assay of 
amounts of DHA and ribose nucleic acid (RN*t) in a 
tissue sample, but does not provide for the quantita~ 
tive separation of these fractions. ‘4seny is 
effected by the colorimetric determination of desoxy~ 
ribose end ribose suscrs, utiligcing the diphonylanmine 
reaction of Dische and the orcinol«ji 21 reaction, 
respectively. 

Holmes (8,9) reporte  « series of in ylve micleic 
acid metabolism studies on vorious tissues of rets 
subjected to ionizing redistion. Utilising the method 
ef Schmidt, and Thannhauser, she isoleted ONA and BR? 
from Jengen Rat Sarcoma end from rat intertines 
Tissue serples were tcken from rats which had been 
injected with tracer doses of phosaphorus-32, and hnd 
been subjected to various dosares of xeirreadistion. 
In her noneirradiated controls of rot intestim, she 
found that the uptake of phosphorus in the RFA frec- 
tion to be from 2 to 3 times that in the DON* fraction; 
in rats irradiated with whole body deses of from a0 
to 2000 reentrons, this retio of uptcke Incrersed 
only slicntly to about 4. The uptake of phosphorus 
in the DNA freetion of these samples was decreased, 

while that in the Wit fraction remsined relatively 
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eonstont. folmes conclude) thet the upttke of 
phesphorus by OH4 represents metrbolic activity, but 
that the uptake by Wl’ sicht be merely an exehenre 
phenomenon. 

From his studies similer to those of Holmes, 
Wevesy (11) concluded thet irradi-tion inhibits the 
formation of DN4 in both erewine and meture tivenie, 
and that this inhibitory effect is predominsntly 
transitory, lasting for a motter of some two hours, 
Hevesy 2leo completed some experiments to determine 
whether wptake of phosvhorus micht in some cases be 
purely a physicel exchanre, end concluded that neo 
euch exchance occurs between rhosphate rroupes of 
organic compoumis end solutions of l«beled inere=ni¢e 
phosphate (10). This Latter conclusion is strength- 
ened by the work of Osrood, et. al. (12). 

Limperos and Mogher (13, 14) found thet UR! wes 
depolymerised in aqueous solution when subjected to 
fonising rediation. They alse showed that 2 similer 
depolymerisation could be effected by chemically pro- 
duced free radicals in the solution. These vorkers 
concluded from in vivo rot studies that radiation 
eeused a eplitting off of purine bases from TR4' and 
depolymeriontion of ON4. The later effect was 
reported to be inhibited by thiourea, 

In this project, it wes planned to a a 
study similnr to those of Holmes and llevesy; that is, 
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to study the metabeli«c activity of the nucleic acids, 
ag determined by the uptake of redionctively labeled 
phesphate. The method of Barnum wd his coworkers (15, 
1f) was chosen for isolation of the freetions, rather 
than that of Ichuidt and “honnhauser. “he former method 
ie a refinewent of the latter, but in addition permite 
the eupemtien of REA into more specific fractions by 
centrifugation. ‘ince the work of Barnum indicates 
thet, RHA is not homogeneous in ite wtabolic activity 
throughout the cell, it wa deemed desireble te differ~ 
entiate the MEA freetions by source. Looarttnghy, the 
decision wna made to isolate three nucleic «cid 
fractions: nuclesr "%i' end Rit, end cytoplasmic RNS. 
“hile the evtoplassic WN" itgelf is not metabolically 
homogeneous, end san be further frevt imunai, 25 was 
done by Bewnwn, auch ° detriled procedure was net con 
sidered to be within the scepe of this investigation. 
in their studies of mouse liver tissue, Herman and 
Huseby (14) noted that the uptake in other nucleer 

es compounds wes fron 800—81800 tines as erent 
sg the upteke in 0M’, They did not reach « definite 
conclusion ae to whether the slirht upteke noted in 
the ONA was metebolically significant. The work 
reported herein indicetes thet ° sirnificent uptake 

of phosphorus by W' con be demonstrated, using the 
sane methods of fraction=tion, at least in in vitro 
studies of leucocytes. “he method of — Cte sla 





nse wanton, whe De yeelime altentndia ist iar ts 

DLO qlee item Liem De ORME AME WW SOalERCO A 

LU) cyumpeyee cid fae eaureed fy ater a -Aacey 

tee cami ade Ey cakemhent wet came me (As 

ee 
thaws Ackalién al dint ywiscal vty 20 Ammon ad . 


cgitehine Adtwnedan oA a send sme it ON sili’ a 
“OTL é eiswriaeh semenh omy 70 Lien mitt samt 
et 

hee shekaen sruie vttend a? ole aw eoheleee 


ee ee ; 
eatsapl eer! aids ip pyre OAt SADT oe oo bevehee 
ee cer jmela wen mee 2s rtm ee 
crakser smite <2 qin emt fute secue |M) yet 
S00 8 ee CMO oor om: site Greeny 
ee ee 
ee 
dre etl oxune Tides ys Detling le 
tongs wwllirnie + fet! setae Ries la deeree 
ott qeree terre oo ime A id somali De 
eke kt oi LP) St Cal ae 
ee eS 


1 Om 
wng comsiderad to be particulerly advantageous in 


this study as it affords recovery of the freetions in 
good yield, making it relatively simple to obtcin 
significant deterninations of rediosctivity while 
subjecting the tissues to very emall tracer doses of 
radiophesphorus. 

The colorimetric determination of phosphorus 
directly was selected in preference te the deteruinne 
tion of ribose and desoxyriboee, “ince 2 dichrometic 
method must be utilized in the determination of ribose 
by the orcinol-H 21 raaction, to correct for interfering 
substenees, this methed is longer and subject te more 
error. 
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Six webbits vere used in the course of this ine 
vesticstion., 411 were young, tdult Consens, ranring 
in «@ight from approxiantely 3.8 to hed ELlo-rams. 
tdet of the animals commisted of comercial rabbit 
pellets supplemenbed weckly wlth fresh carrots or 
Lettuce. The bellies of the rmebbits were kept closely 
shaven. 

Dwo seurees of leucocytes ~ore utdliged in this 
work: first, leucocyte cultures were obtained from the 
peritoneal cavity utilising the procedure of © ehdmgen, 
leinie, @t. el. (17); second, mire lymphocyte cultures 
were obtained from the vermifors appendix of freshly 
killed aninels. 

To obtein the peritonesl leucocyte oulowrwe, the 
rebbits were injected intraperitoneally with 300 milli-~ 
liters of sterile physiologice!l saline (.95% Bach) at 
approximately 4100 Pole on one day, followed by « aimi+ 
lar injection at 9:00 '.™@,. the followine dev. Four 
hours follewing the second sn juct im, aD exudate, rich 
in leucecytes, eas withdresmm from the peritoneal 
cavity, utilising « sterlle nunber 14 needle attached 
to a dry 50 williliter syrince. The needles utilised 
were modified by the addition of 3 side holes bored 
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near the tip to facilitate the flow of exudete end 
decrease the likelihood of blocking by the viecera. 
‘uring all insertions, the rabbit board ves tilted 
approxiemtely 45 derrees, the posterior end of the 
animal being elevated, ac thet the viscern would tend 
to meve anteriorly and ovt of the path of the needle. 
‘The animel wes left in this position during the in- 
focvbene, bet ves reveraed to 2 norhal hortsontal 
position immedictely after the insertion of the neadle 
for withdrawal of the exudate. The tine recuired for 
injection wae somevhot vantathve, out genersliy shove, 
Lasting from 10 to 30 minutes, Successful recovery of 
exudate wee usually effected in less then 3° sinutes, or 
not Ot Slle 4 rocovery of at lesst 40 sill Lliters of 
asuiete was comsidered succossful, although bout tvice 
this much is crefernble for successful enelytical pre-e 
eodures. in the six animals ugeéd, recevery veried from 
© Wo 125 miliiiivers, generally running sows! 60 to 60 
@illiliters, The omly Visible effect on the rabbits of 
the entire procedure was @ mild disrrhes followimg in+ 
jection. Some exudstive cultures vere rejected due to 
@agisersble erythrocyte contermiantlion, ‘o prevent 
such cousnninatien, several presectiome were taken. 
The rabbits were hamiled 0 sembly se pomaible te reduce 
their fright eG Keep thon in a quiet, relaxed state 
during the proceedure; moat of the rabbits become quite 
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seclimeted to the procese, «nd cove very little - 4 
Insertions were sivaya onde in the midline, to decresse 
the possibility of rupturing blood vessels. ' recent 
paper (22) sursests a simple methed of overcoming this 
difficulty. The exudate could be centrifuged in a 
Light plastic container, such a5 a plastic etrew, and 
then quick frogen. ‘ey erythrocytes in the .uloure 
would be in a Layer above the Leucetytes, being Lighter, 
and could be readily cut aeay with o reszor blade, leav~ 
ing a pure leucocyte culture. 

Pure Lymphocyte cultures vore obtained from the 
yerniforn appendix of four rabbits. To obtain such e& 
culture, a rabbit was killed between the hours of 10:30 
Ae, and 12:30 PaM., by suffocation vith a chloroform 
mask, The appendix was removed, washed in rhysiclogienl 
saline, amd then opened dow one side, so thet the 
mucousa was completely exposed, end the tiasue conid be 
leid out fiet. The epithelial lining was then stripped 
beck from the tissue with entrant exposing a més of 
Lympheeytes, which were cently sersped loose and removed 
with a sealpel. The re¢every of the free lyrmphecytes 
from the exeiaed appendix required from 5 to 10 minutes. 
During the procedure, the tissue waa kept bathed with 
physlological saline. 

landling of both types of cell samples wes essen- 
tially identicel after recovery. ‘The samples rere 
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of the solution being as shown in Table I, The solution 
was checked priox te use on * Peckmwan pli Meter, and 
wrought to pl 7.4 by the edditien of ©,.13 Ma0U or in 
HgPO, a& necessary. ‘es a mule, the pi of the solution 
wns genewtily lex, and the sddition of 9 aanll amount 
of hydroxide was recuired. (fter washing, the suapen- 
gions were centrifuged «nd the supernate pipeted off. 
The washed cells wore then incubated st room temperature 
in heparinised Ainger~“‘vings Solution with e tracer dose 
of phosphorue~32 added as i3r0,. Tracer doses of 
phosphate with activities worying from 2 te ¢ miere= 
euries of phosphorus-32 were utilised. ‘“mualetive 
leucocytes vere incubated for 36 ~inutee in 15 milli- 
liters of Ringer~Pvans Solution with 5 rdlli¢rass of 
heparin end from 2 to 3 micrecuries of phommiorus-32 
added. These solutions were not checked for pl after 
addition of the redionctive phospheric scid. ‘hese 
solutions were occasionally stirred by hand with 4 

glace rod during the incubetion period. Lymphocytes 
were imeubated for 30 minutes in 25 adlliliters of 
Ringer="vans Solution, broucht te pil 7.4 efter the 
addition of 745 millierans of heparin and aporoxi- 
mately 5 micrecuries of phoephorue<-32. wrine the 
entire ineubation, the suspensions were stirred rently 
with a glass rod driver by a stir moter. ‘fter 30 
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wo) Sam 
ainutes incubstion, suspensions were centrifuged for 


10 minutes with a comtrifucal force of 500xrravity 
(Setting (LO on Imternational “euipment ‘ompany “ise 1 
Medel 650 Sentelfuge with heed number 273, utilising 
40 milliter centrifuce tubes). 

Sifter recovery of the weshed cells, nucleic acid 
fractions were recovered follo-vine the procedures of 
Levmum and coworkers (15, Wf). The detailed stepe of 
frectionation are outlined in ‘harte IT, Il ead Tit. 
The construction and description of the | otter-“liveh jen 
iemegeniser used ere cutlined in ‘ppendix I. 

Yo verify successful sereration of the cells into 
nuclear and cyteplasmi = componente, aicroscopic slides 
were heobituelly made of the washed nuclei sfver comple- 
tlon of the citriv acid washes, end stained for tre 
Gimites vith right's Stain. Under the oil lamersion 
lens, these slides shovel intact maalei, with only 
oerassionally some slight debris. 

Yhree mucicic seid fractions vere recovered snd 

in this evenvigaeton, the fractions being 
the ¢ytoplassilc ribose mucleic acid, the nuclear ribose 
mitleic acid, and the nuclerr desoxyribose nucleic acid. 
In addition, a gample of the radioertive inorpanic 
Ringer=fyvane Solution fran eno insubaticn es seved 

Phosphorue content of each fraction waa deternrined 
by the method of LePare (14), Monobasic potassium 
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phosphate waa used es the standnrd solution. “ost 
analyses were rum ecsinst o stenderd of O.1 afcromen 
of phosphorus per allliliter. iolorimetry was accom 
plished on an Ovelyn Thotoolectric colorimeter, using 
the macro unit, with a 540 willinieron fllter. “his 
~wevelength was found to cive cocd results over a wide 
remge of phosphorus concentrations. | atanderd curve 
wes plotted on amui-leerrithnic p per showing concen- 
tration of phosphorus oo lincar cbecias» vergua colori~- 
sever reading 20 logerithaic ordinate, che best curve 
te fit the peints plotted ves determined stetlatically 
by Tiading the regression line of leg rending an con~ 
cantretion, <2 outlined by Meher (19). The resulting 
stamlerd curve is stom as Graph I. »lorimeter tubes 
used “ere etuived et the 1o milliliter level. ‘hen it 
wes found nevtssery further to dilute seme sasples to 
obtain good colorimeter rendings, iLlt.iens were accom 
plisbed by adding elther 10 of 20 ailliliters of doubly 
étebilled water with a 10 silliliter volumetric pipette, 
The colorimeter tubes were reguleriy cleaned with clean~ 
img solution and rings »ilth doubly élatilled weter 
prier to ue. fhe trichloreac@tis ecid usec in the 
fragtienetion protegs wan tested for pheaphorus com 
teniastion m2 recomended by Fiske and subbarow (20), 
and found to be phosplerus-freo. The 1, 2, & amino 
nfphtholeguifomic acid used in preparing the Fiske and 
Jubberow reducing agent waa recrystallised ss recommended 
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by them prior to use. “hic reducing arent ws kept 


“oll stoppered in» brown bottle, and in » closed cup=- 
board, and a new stock was premired about every four 
veoks. Results of the snalyses made indicete that the 
solution probably should heve boon renewed more often, 
possibly every tro weeks. 

ifter the comletion of the colorimetric anlysie, 
the samples were evaporsted down in sluninum plianchets 
on a het plete at e lew tompersture. ‘amples were 
counted to deternine the phoephorus-32 activity in a 
prefiush flow comtbter, using « Tracerlnab *utosceler 
vo record the count, ‘11 frections from the same 
original semple, includine the inorg nic sunermate, 
were counted st the same time, eo thot the use of decay 
corrections wee net required. ‘bout 0,1 milliliter of 
the supernate centainine inorganic nhoepherus wes 
found to be « satisfactory aample for both the celort~ 
metric determination of phosphorus, ond for the 
Geterainetion of redionctivity. seeopting2y, 1G milli- 
Liters of this supernate was diluted te 100 silliliters 
in a volumetric flask, ond s 1 milliliter alicuct wre 
utilized as the sample. 

In anelysing the lymphocyte frections, it wes 
found desirable to take 2 5 or 10% aliquot pert of the 
two nuclear fractions for colorimetric enalysis, After 
thane eumphes ware veh auhwt, they vere brought up to 
the 10 milliliter mark in the colorimeter tubes. ‘n 
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eliquot pert consisting of sither 0.5 militliter or 


1 milliliter was then vithdrem with » serological 
pipette and placed in 2 clean colorlester tube. The 
pipette in each case was them wadhed with etetilled 
ter, weshings being added te the original tube from 
which the sliquot was dravm “hie weehing wes done 
te prevent any loss of radicphosserus, “he apprepri+ 
ate amount of 10% 1,50, me then aided to the alicuoty 
20 thet the fraction ectutlly anelysed contained Get 
milliliters of scid, 18 renired. 

Nesuits of anelyser of the oxudetivs leetocytes 
ami lymphocytes are tabuletes in Tebles II ané IZ, 
rempectively. sloriueter readings listed in these 
tables are corrected readings; es oorractions to 
eccount for the non~Linesrity of the ralvunonetor 
senle, as furnished by the «mmufscturer, have been 
applied. Relative specific activities listed bave 
been deterained by dividing the specific octivity of 
a mucletc acid fraction by the specific activity of 
the correspending inergani: frection, 

Tinee the specifie activity of the tnerranic 
supermoate is not. cormtent among the various, Gcperi- 
ate, comparisong can only be aude behreen the results 
of the different exreriaents on the besis of the 
relative specifics ectivities, a defined sbeve. 
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‘malyses were cerrie! aut an five sewles of 
comistive Lewconytes, ani four smmles of Iywehincytes, 
Crom young adult rebbite, ofter lncubition in vitro in 
of phosphorus-31 as phosvlate. 

The date in Table II, obtained fron the aialysie 
of the lemeseyte samples, give little ineichi into the 
relative phosphorus metrboliss of te muciat scid 
fractions analysed. inelyseo of the crtonieewic ri- 
bese nucleic suid from sumple 10 cai of the caspxy~ 
cibese mucbeic acid from sueple L? were in-owlete, as 
® pertiel lose af these freetions wen ineurrad before 
their radioactivity wes debersiwed. In the cese of 
the letter, the loss oocurre’ -‘ien the froctiom ws 
beimg evaporeted in on sluninuy plenchel. on - het 
Pinte. The planchet developed « leak, popsibly 
begsuse the hot plate was too hot, *lstemeh sha snee 
difficulty did net cecur in any of the otter frac 
tions belng eveporrted st the seme tise. jubscommt 
to this secident, o11 nlanchets vere carefully in« 
aperted for feults prier to we, Gh core «an exer~ 
ei@ed to ingmre that the hot plete oawl for 
eveporsiion of the saaples -=4 cert ot ° low seepera~ 
ture. The relatively low recovery af phosptorus 
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fron the oytoplasate ribose mucleis oil of asses = 
11 and 12 Lead to xetivition ic these samples very 
close to background. ‘s a conse wence, the reaulte 
of onalyser of these tre seeples ere stottiomiorlly 
net Gs cienifiewn awe tte revolts obteine!® Orme 
mmmiyres of the other smmplea. 

Seouring thet the recovery of muwoemorus in the 
various fractions anslyzeo is rourhly semtitetive; 
thet shout 70° of the nuclei i recovered sftor 
lol of tho total weight of both ribose and desoxyr- 
ribass sucleic seid, ll saeuwtioss beinr ome’ on 
the “ert of Purmms, et. «1. (15), the considerotisn 
of cle reeevery af phosphorus in 21] leneerte freee 
tlome indicates tus the reletive ssounts of desexy- 
ribose mucieis ecid, auclemr ribeor uncieic sid ond 
oytoplesnic rikewe ancleic acid in theae cells show 
& wehio on the order of 301551. 

The anakyees of the ipaphocyte saxplen, the 
fowelte of which are listed in Table [1], were sore 
mecooseTu1 then the antlyenw of thr leucocyte sammler. 
%} lyephocyte frsetion tes lost deriag tie courve of 
the Gutlyses. “he net eothivity of ea) freetian 
sunlysed wae sufficiently grevt, so compered to brak- 
grace, to be SieCisticelly significewn,. ‘he ectivity 
of Use oytepleamic ribose melei: ecid frection af 
gmmle 15 am auite lew, but the sigmificance of the 
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count wea increased by utilisine 9 high toes) -ount. 7 
one ancapts the sssuepiioar in the previous peradwh, 
the consideration of the recovery of phosphorus from 
*11 lymeeyte froctions imiicenae Unst tre ralecive 
ewounte af desoxyriteer micitio scodd, muolear ribeme 
mucleie acid a04 eytonlaeei: ribean melee a i in 
tage® cells show a rabio of the order ef 30:2:1. 

The meen values are O.0OL", 0,07) aad 6,001, ree 
peetively, for the relstive specific octivities of the 
desoxyribote miciei: acid, meclomr ribose apclaic acid 
and cytopleamie ribose suelets ecid fires the lywohocyte 
seapies. The atemiard errers af the mean for Bheee 
threo mean values, computed sccordine te Ysokinl (23), 
are 6.00082, Gs0T1l end OAM, ‘ceordingly, one my 
sate, vith aporoximtely a “1 chance of being rirht, 
thet the true meoA valves lie viLhin the regions 
0,0008-0.0024, 0.012-0.0%, and 0.913+0,0%, rasneetively. 
These considerations shew thet, with the wide dispersion 
obtained in the results, Little ~aiaht ean be attochat 
to the finel velue shown in Table ITT for the rvtio of 
the aeap values of the reletive anecific activities of 
the three miclel» geld fractions. 

study of the date of both Table [I an Table IT 
hes been made to determine if amr uncontrolled vart~ 
sbles in the experiments crn be correlste ‘ith the 
wide range of results obtained, 
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seeording to Nevesy (10), phosrhomolybdste hea « 
Significant absorption coefficient for che 1.7 aillion 
alectron volt (MPV) bere particles euitted by abea~ 
phuorus-32. Simee the phosphorus of t&e meclets acid 
fractions in this tnveatiention ver tmcormerate! Lato 
© fiesphomelybdste comilex, tle deta “are oxacltaad to 
determine whether self-absorptiws in the gevles ytt 
be a cause of som variations. So correlation could 
pe found between the amounts of Wiegelerus recovered 
in the fractions andi their net activity to indicere 
teat. self absorption might be » pertinent fecher. 

‘11 samples amelyzed vere incub=tet in readit= 
active Rincer~"vans Selution aC roor teonerature. 
baring the course ef these experimette tho teuperamure 
of the Laboratory did not rary wore then 5 Gerrene 
eentigrade at mest. Mare the incubstion periods 
weee of 30 mirmutes duretion only, sry such vartat lons 
in teaperature would net likely affect she rere of 
uptake of phosnhorus by the cells to any sirnificurt 
degree. 

the radioactive solutions in which trae evmlrtive 
Leusocytes “re incubsted vers net chested for pil 
subsequent to the addition of the radioo7tive "4M. 
Miatler aclutions in which the lymmeocyres «ere incu- 
bated ware ap checked, temewer, anil the pil corrected 
to 7eh where neressary. ‘a n consesuence, pil of 
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in the reaults of anslysis of the leucocyte seples, but 
“elusion is buffered, and the sumber of eculy>lemte of 
G,%0, afde. in ony case wes quite emall, the probshil- 
ity is small that lerge pl changes occurred in the 
leuvocyts sunpensions following the sdditiom of the 

Bg POy- 

Therve is e possibility that the tneroenic free~ 
tions from the waddeactive Tincem vons “olutlon 
were in some cages contesinete! vith orrmnt: phos~ 
phowus. Such contasiastion sight eecourt cor the 
variation in specific activity sreme the Iacrmenic 
fractions of samples 14, 17 and 1@, each of which ine 
Terrors in the determination of tle specifi: wetlvities 
af the inorgenic fractions, ceused br such cteocion 
them, wold tend to invalidate the comparison between 
reLehive apecific activities of the aucleic eid 
freezions awone the severs] sewies. worl errors 
wwald not be randes in nature, since contacniuerion of 
the inorganic phosphorus would wlberes lee so toc ler 
a pemlt in the deterrdination of the apetifl: saehivity 
in on inoremic frection. Tinse the inorgentic pees 
phorus dows not nee) to be wet ashed prier te the 
OlLorimetri« deotersination of phospbarus «6 ortho- 
feesrtwite, veristions due to contesdaetion br orzanic 
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| wet aathing of the inoresat: freotions rrtor to the 
 qutermanets devepeination of yospherns, If the wet 
“Asbing vere elininwed, comtentmerion of on imerrantc 
_ fraction by erweni: phoephorwa -nuld tené te cue a 
| glighe: incresse in the specifi: acvivity of cm 
‘Peaction, er the madionetivity of the contarinent 
wild eeuse an increase in the measured net activity. 
(R8ch an increase would be all, ho~ever, since, 
umier the com@ittons of the investigation, whe speci- 
fic activity of the redinsetive @ismer-"vane Solution 
ine cemersLiy pruved to be cousitemebly crestar Gree 
thet of amy of the orgenic fractions. 
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conclusions have been reached: 

(2) The techniowes utilised in the igsoleilon em 
amlysia of the muvleiy acid froctions of rvbeis 
leucocytes and lymphocytes are suiteble for deverin- 
ing the relative metsbolie uptshbe of vhosphorns wader 
the conditions ef the experiments, 

(2) Insufficient dams hove been eocumniletet to 
perait the caemputetion of ° st=tlenioeliy eleri Ml cunt 
ratio indieating the relative upttlte of pheapherur 
mwnag the frostions «et weler tha camlir eng spo ited, 
The dete do indicste that, ta the lramecytes, upteke 
of phosphorus ts mont rapid in the macleer riboee 
mucleic acid and Lenst repid in the dammcoriless nueleic 
ecids in the leucecytes, upteoke is least rapid in Mie 
éexoxyribose mucleic ¢-id. 

(3) In both types of cultures geudied, che erenon- 
derence of muclei« 14d phosphorus io comtoined in the 
desoxyribese fraction. 

(4) “Sth the sroueuletion of further dots, on 
extension of the experinents to chow the effects of 
vadiavion on the reletive uptske of shoerherny «ocr 
the nucleic ssid fywetllona studied shenld be feasible, 
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The Potter="lvehjec howoreniszer nead in this work 
was constructes fron - 20K156 alliimeter Pyrex test tube. 
The inside of the tube wos cround sliehtly with a lisht 
suspension of esarborundum powder in wetter, * smeller 
test tube Mitted with 2 one-hole stopper and « gless 
————— end driven on 4 stir 
ring moter, te effect the grinding. 

The pestie for the hemoreniser wes onde from a 
phece of Lucite red fitted sith « 3/14 ineh brass rod 
19 centimeters in length. The Lucite veal, 245 eenti~ 
meters Long, was center drilled on a Lathe to a depth 
of 1.5 centimeters and the brass rod wes set in tite 
iucite with e thick mixture of plastic resin clue. 

The Lucite head was then cround with fine esory paper 
wmmitil it fitted the tube. The fit wee considered 
proper when the tue, filled with — would slowly 
drep off the peetle. Totter (1¢) estates that this 
represents « clesrance between tube and pestle of 
approximately 0.1 millimeters. The lewsr edee of the 
Lucite was then beveled to fit the contour of the 
curved bottom of the tube, end the tir was scored 
along several dianeters with a coping sew, The latter 
step was taken in lieu of placine protruding heeds on 
the bottom, as recommended by Totter. Deads were 
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